A 56-year-old Japanese woman with muscle weakness, increased creatine kinase and aldolase levels, and characteristic cutaneous lesions was diagnosed with anti-melanoma differentiation-associated gene 5 antibody (anti-MDA5 antibody)-positive dermatomyositis. She also had interstitial lung disease (ILD). After corticosteroid and tacrolimus combination therapy was started, bicytopenia and elevated serum ferritin and transaminase emerged. Because the bone marrow tissues were hypoplastic with hemophagocytes, she was diagnosed with concomitant autoimmune-associated hemophagocytic syndrome (HPS). Intravenous cyclophosphamide pulse therapy and plasmapheresis were performed. The laboratory findings indicated improved abnormalities, and the ILD did not progress. Anti-MDA5 antibody-positive dermatomyositis can be complicated by HPS.
Introduction
Dermatomyositis is an idiopathic inflammatory myopathy characterized by distinct cutaneous involvement with typical lesions (1) . A particular type of dermatomyositis presents with rapidly progressive interstitial lung diseases (RP-ILDs) resulting in fatal outcomes. The anti-melanoma differentiation-associated gene 5 (anti-MDA5) antibody is associated with dermatomyositis with RP-ILD and is resistant to treatment (2) . There have been some reports that patients with anti-MDA5 antibody-positive dermatomyositis have elevated levels of serum ferritin (3) , and serum ferritin might be associated with the disease activity of ILDs in anti-MDA5 antibody-positive dermatomyositis (4) .
Hemophagocytic syndrome (HPS) is a life-threatening syndrome characterized by clinical signs and symptoms of intense immune activation, which consist of a fever, cy-Intern Med 57: 3473-3478, 2018 DOI: 10.2169/internalmedicine.1121-18 topenia, hepatosplenomegaly, and hyperferritinemia (5). Infections, autoinflammatory and autoimmune diseases, malignancies, and acquired immune deficiency syndrome can cause HPS (6) . With regard to autoimmune diseases, adult Still's disease and systemic lupus erythematosus are sometimes complicated by HPS.
In clinical practice, the presence of hyperferritinemia in rheumatic diseases may suggest complications of HPS associated with rheumatic diseases. However, we sometimes cannot determine whether patients with dermatomyositis with positive anti-MDA5 antibody who have hyperferritinemia have HPS as well. The diagnosis of HPS is pivotal in patients with anti-MDA5 antibody-positive dermatomyositis because HPS sometimes requires additional treatment. In patients who show resistance to immunosuppuressive therapy, we can administer plasmapheresis.
We herein report a case of anti-MDA5 antibody-positive dermatomyositis complicated by HPS that was treated with immunosuppressive therapy and plasmapheresis.
Case Report
A 56-year-old woman was transferred to our hospital with muscle weakness, myalgia, and thrombocytopenia from another hospital. Two months prior to this admission, the patient presented with a fever, muscle weakness, myalgia, and eruption. She was then admitted to another hospital a month before this admission. She had heliotrope rash, shawl sign, Gottron's sign on the dorsum of hands and elbow, periungual erythema, and nailfold bleeding ( Fig. 1) and was diagnosed by her previous physician with dermatomyositis, based on the typical cutaneous lesions, proximal muscle weakness, and elevated serum creatine kinase (CK) levels. Her serum was positive for anti-MDA5 antibody. Chest computed tomography (CT) demonstrated mild ILD in the bilateral lung. She was treated with 40 mg/day of oral prednisolone following pulsed methylprednisolone therapy (1,000 mg/day for 3 consecutive days per week) and oral tacrolimus. Although the cutaneous lesions improved, thrombocytopenia emerged, and the serum ferritin level increased. She was then transferred to our hospital for stronger treatments.
On admission, a physical examination revealed the following: body temperature, 36.3 ; blood pressure, 119/90 mmHg; pulse rate, 92/min. Auscultation of the chest showed neither heart murmur nor crackles. Gottron's sign on her bilateral elbows, periungual erythema, and bilateral proximal muscle weakness were still present. The peripheral blood cell count and biochemistry revealed the following: white blood cell count, 3,000/μL (neutrophils, 60.1%; lymphocytes, 27.9%; monocytes, 12%; eosinophils 0%; basophils, 0%); hemoglobin, 15.1 g/dL; platelet count, 74,000/μL; Creactive protein, 0.02 mg/dL; erythrocyte sedimentation rate, (Fig. 2) . Chest CT showed consolidation in the dorsal side of bilateral lungs and near the pleura, which suggested ILD (Fig. 3a) .
Based on the bilateral proximal muscle weakness, increased CK and ALD levels, and characteristic cutaneous lesions, we diagnosed her with dermatomyositis complicated by ILD. On comparing the most recent CT findings with those of the previous hospital, her ILD had not worsened. Because the laboratory tests showed bicytopenia, elevated transaminase, and elevated ferritin, we suspected complications of HPS. Therefore, we promptly conducted bone marrow aspiration to evaluate the cause of bicytopenia. Considering the probability of RP-ILD and HPS, we added pulsed methylprednisolone therapy, monthly intravenous cyclophosphamide pulse therapy [IVCY; 800 mg (=15 mg/kg)] and increased oral tacrolimus from 2 mg to 3 mg on the day of admission to our hospital. Bone marrow tissues demonstrated hypoplastic marrow with hemophagocytes. Because of the bicytopenia in the peripheral blood and the pathological finding of histiocytic hemophagocytosis in the bone marrow (Fig. 4) under the active status of an underlying autoimmune disease, we diagnosed her with autoimmuneassociated hemophagocytic syndrome (AAHS) based on the diagnostic criteria for AAHS proposed by Kumakura et al. (7) . We ruled out infections and malignancy that could cause HPS. Because the combination therapy of prednisolone and tacrolimus was insufficient for AAHS and we could not expect the prompt effectiveness of IVCY, we added plasmapheresis. Plasmapheresis was performed six times for 9 days. The plasmapheresis and immunosuppressive therapy were effective, and the muscle weakness improved gradually. Laboratory results showed improved platelet, liver enzyme, and ferritin levels (Fig. 5) , and the ILD did not progress (Fig. 3b) . We continue to treat with regular IVCY.
Discussion
We described the case of a patient with anti-MDA5 antibody-positive dermatomyositis complicated by AAHS. To our knowledge, there have been no reports of the successful treatment of anti-MDA5 antibody-positive dermatomyositis complicated by AAHS as confirmed by bone marrow aspiration findings. We successfully treated the present with aggressive immunosuppressive therapy for her dermatomyositis and plasmapheresis for her AAHS. Only 6.9% of AAHS cases are caused by dermatomyositis (8) . However, in the report of Yajima et al. (9) , of the 24 patients with dermatomyositis, 4 had concomitant HPS, including 1 with amyopathic dermatomyositis. In their study, the patient with HPS was positive for anti Jo-1 antibody, but the authors did not mention other types of autoantibodies, such as anti-MDA5 antibody. They also mentioned that HPS complicated by dermatomyositis required aggressive immunosuppressive therapy using a combination of glucocorticoids and immunosuppression with intravenous immunoglobulin. Furthermore, when immunosuppressive therapy is insufficient for AAHS, plasmapheresis is sometimes reported to be effective for AAHS with other rheumatic diseases, including systemic lupus erythematosus and adult Still's disease (10) (11) (12) . Our case also required plasmapheresis, as AAHS emerged despite her previously undergoing immunosuppressive therapy.
In the present case, hyperferritinemia with bicytopenia and elevated transaminase suggested AAHS as a complication. Anti-MDA5 antibody-positive dermatomyositis alone was unable to explain the bicytopenia in our patient. The serum ferritin level is increased in cases of HPS with concomitant AAHS (13) . Other major laboratory findings in AAHS are anemia, thrombocytopenia, leukocytopenia, hypertriglyceridemia, hypofibrinogenemia, and elevated transaminase (14) . Although serum ferritin is sometimes associated with anti-MDA5 antibody-positive dermatomyositis (3, 4) , hyperferritinemia in anti-MDA5 antibody-positive dermatomyositis may be caused by concomitant AAHS. It is vital not to overlook concomitant AAHS in findings associated with hyperferritinemia.
The combination therapy of corticosteroids, IVCY, and a calcineurin inhibitor, such as cyclosporin A or tacrolimus, is required because anti-MDA5 antibody-positive dermatomyositis with ILD is sometimes fatal (15) . In our case, her ILD did not rapidly progress after the treatments. Silveira et al. (16) reported a case of rapidly progressing ILD with anti-MDA5 antibody-positive dermatomyositis that was unresponsive to aggressive immunosuppressive therapy but was eventually successfully treated with plasmapheresis and hemoperfusion with polymyxin B. However, whether or not plasmapheresis affected the clinical course of ILD in our case remains unknown.
In conclusion, we encountered a patient with anti-MDA5 antibody-positive dermatomyositis complicated by AAHS whom we treated successfully with plasmapheresis in addition to immunosuppressants. Hyperferritinemia is an essential marker for anti-MDA5 antibody-positive dermatomyosi- tis, but whether or not AAHS is the cause of the hyperferritinemia and cytopenia must be determined before adding plasmapheresis as a treatment, which may result in a favorable outcome.
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